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My journey

-University Cologne (Diploma)
-Caltech/ NASA-JPL (DAAD fellow)
-German SOFIA Institute  (Phd) 

-Hamburg Observatory (1 y PD)
-RPI, NY NAI Center for Astrobiology (2y PD)
-NASA postdoctoral program (2 y)

Currently: 
Center for Space and Habitability Fellow at Bern University
Founder and Executive Director explainables.org Science Communication
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Exoplanets: A very old question
Epicurus (341-270 BC):
“...there are infinite worlds both like and 

unlike this world of ours.”

Giordano Bruno (1584): 
“...there are countless suns and countless 

earths all rotating around their suns.”

Isaac Newton (1713): “And if the fixed stars 
are the centers of similar systems, they will 
all be constructed according to a similar 
design ...” 3
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Why is it so difficult?

Stars are

larger 
brighter

than planets

Credit: NASA Heliophysics

>>> indirect methods or methods that cancel out the stellar contribution
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Differential photometry
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Example: half-orbit lightcurve of 
HD189733b  at 8 micron 
with Spitzer 
(Knutson et al. 2007)

Differences between observations
in and out of occultation reveal
information about the planet

6



Differential photometry

(A
ng

er
ha

us
en

  2
00

6)

Example: half-orbit lightcurve of 
HD189733b  at 8 micron 
with Spitzer 
(Knutson et al. 2007)

Differences between observations
in and out of occultation reveal
information about the planet

7



Space-based: Kepler

(Angerhausen, DeLarme & Morse, PASP, 2015)
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Space-based: Kepler

-collaboration with 
SUNY Albany 
(Ben Placek, now: WIT)

-bayesian phase curve
modelling & retrieval code 

EXONEST
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EXONEST 

Kepler-91b;  Placek, Knuth & 
Angerhausen, ApJ, 2015b

Exo-moons; Heller et al., A&A, 2016

TESS + Kepler;  Placek, Knuth & 
Angerhausen, ApJ, 2016

'Beachball' mapping; Chontos,  
Angerhausen & Placek, in prep
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Statistical evidence for 'Exo-Trojans'

New ScientistHippke & Angerhausen, ApJ, 2015 12



Space-based: Kepler

-First evidence for “Exo-Trojans”
(Hippke & Angerhausen, ApJ, 2015)

New Scientist
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(NIR-) Spectrophotometry

Primary transit:
Probing terminator 
Broadband depth: ~ 1 %
Spectral features: ~  10-4

Secondary eclipse:
Probing dayside
Broadband depth: ~ 0.1 %
Spectral features: ~  10-4

(Knutson 2008)

Credit: D. A. Aguilar (CfA)

Credit: T. Pyle (SSC)
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Hot Jupiters
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Hot Jupiters

Phase-resolved emission spectrum of WASP-43b
61 orbits with HST-WFC3 16



Super Earth vs Mini Neptun
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Future: Biomarkers

Most promising:
Oxygen and methane

….like gradstudents and pizza
(credit: Shawn DG)
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Future: Biomarkers
NExSS Exoplanet Biosignatures Workshop-Without-Walls
5 Review papers:

White paper for the National Academies of Science (NAS) Astrobiology 
Science Strategy for the Search for Life in the Universe
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Hawaii                                Chile
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Since 2015 - New MOS:
KMOS @ VLT
MOSFIRE @ Keck

~2006 - first generation IFU: 
SINFONI @ VLT
OSIRIS @ Keck
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Airborne-based: SOFIA

Advantages for transit-observations:
-wavelength regime
-mobility
-less atmosphere
-dedicated instrumentation
(Angerhausen et al. 2011, McElwain et al. 2013)
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PLATO
TESS
ELEKTRA

SOFIA – first transit

SOFIA planethunter team -First  exoplanet  observation:
1 October 2013 with 
FLIPO (FLITECAM & HIPO)

-transit of HD189733b

-”space based” quality
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PLATO
TESS
ELEKTRA

Decorrelation via PCA

observational Parameters      principle components
(PSF, “weather”, telemetry etc.)

Advantages: solves degeneracies between parameters,
reduces number of fitting parameters

Disadvantage: loss of physical insight
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PLATO
TESS
ELEKTRA

SOFIA – comparison

(~ 1.5 photon noise; 185/160 ppm: Angerhausen et al. JATIS, 2015)
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PLATO
TESS
ELEKTRA

SOFIA – GJ 1214b

Transit spectrophotometry of GJ1214b (2.7 Re) in Paschen alpha
With FLITECAM Paschen alpha, red/blue with HIPO, I band with FPI+
(Angerhausen et al. 2017, A&A) 26



PLATO
TESS
ELEKTRA

SOFIA – challenges 

Sept 2015: transit of GJ3740b 
('warm Uranus”) in 
Paschen alpha with 
FLITECAM imager and I 
band with FPI

SOFIA observation in practice:
-flight planning constrains
-instruments not very well suited 
-competition with MIR/FIR
-HIPO & FLITECAM n/a
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NIMBUS

The Near-Infrared Multi-Band Ultraprecise Spectroimager for SOFIA
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NIMBUS

The Near-Infrared Multi-Band Ultraprecise Spectroimager for SOFIA
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Future: What about a balloon?

-microwave kinetic
inductance detector

(MKID)
-’pupil imager’
-meter class balloon 
platform (ESBO)
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Future: CHEOPS/TESS/JWST

TESS

JWST
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From TESS/CHEOPS  to JWST
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'Exoplanet observations with SOFIA‘
https://www.youtube.com/watch?v=y-W3xoOu0NE
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Backup Slides
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Kepler: Trojans

Sub sample selection:
If “dip” at L4 take second half of 

lightcurve and vice versa

New Scientist

upper limit to the average Trojan transiting
Area (per planet) corresponding to
one body of radius < 460km
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Kepler: Trojans

-First evidence for “Exo-Trojans”
(Hippke & Angerhausen, ApJ, 2015)

New Scientist

-sub-sample exhibits a clear dip at both
L4 and L5, with a maximum depth of
2ppm (970km radius equivalent)
-weak distance correlation
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CHEOPS/TESS/JWST connection

(credit: Ricker, PI TESS) 38



(NIR-) Spectrophotometry I

-every lightcurve represents the spectral value at its particular wavelength, 
putting them together reveals the spectrum

-“comparison“ with models show molecule abundances and T-P profile of the planet

(Swain et al. 2009, 
Hubble-NICMOS dayside HD209)
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